A 21-year-old woman with severe aplastic anemia received an allogeneic bone marrow transplant (allo-BMT) from an HLA-matched and ABO-matched sibling donor after conditioning with cyclophosphamide, rabbit ATG (Lymphoglobuline; Aventis-Pharma), and total lymphoid irradiation. She had a long history of cyclosporin A (CsA) therapy before conditioning. She complained of severe headache and convulsions on day 0, and findings on magnetic resonance images suggested CsA-induced encephalopathy. CsA was immediately stopped, and tacrolimus for prevention of graft-versushost disease (GVHD) was started on day 2. Hematological engraftment was observed on day 14 without serious GVHD. Prompt diagnosis, replacement of immunosuppressive agents, and careful monitoring of serum drug concentrations are thought to have contributed to the patient's good clinical course, since CsA-induced encephalopathy tends to be recurrent but to improve completely without any sequelae. Bone Marrow Transplantation (2001) 28, 713-715. 
CsA is a potent immunosuppressive agent used in organ transplants, including allogeneic bone marrow transplantation (allo-BMT), for prevention of graft-versus-host disease (GVHD). However, multiple organ toxicities and neurological complications such as convulsions, headache and unconsciousness have been frequently reported. Druginduced neurotoxicities are evoked by many immunosuppressive agents, including cyclosporin A (CsA), but the precise mechanisms of induction are not clear. In this report, we present a case of CsA-induced encephalopathy which occurred after allo-BMT and had a good clinical outcome due to the substitution of CsA with tacrolimus for immunosuppression. 
Case report
A 21-year-old woman with severe aplastic anemia received an allogeneic BMT from an HLA-matched and ABOmatched sibling donor on 27 July 2000. Although she had been receiving oral CsA (110 mg twice daily p.o.) since June 1997, this was stopped 7 days after the commencement of gut decontamination because of renal dysfunction due to a high serum CsA concentration (211 ng/ml). 'The preparative regimen for BMT consisted of rabbit anti-thymocyte globulin (ATG, Lymphoglobuline; Aventis-Pharma, Tokyo, Japan) (2.5 mg/kg once daily by i.v. drip on days −6 to −2), cyclophosphamide (50 mg/kg once daily by i.v. drip on days −5 to −2) and TLI (7.5 Gy on day −1). Prednisolone (PSL) (70 mg once daily drip i.v.) was administered to prevent ATG-induced allergic reactions. For prophylaxis of acute GVHD, the patient was given short-term MTX (15 mg/m 2 i.v. on day 1 and 10 mg/m 2 i.v. on days 3 and 6) and CsA (3 mg/kg continuous i.v. infusion) starting from 9.00 am on day −1. She complained of severe headache with facial flushing after the transfusion of the marrow cells. The dose of CsA was reduced by 25% at 4.30 pm and it was stopped at 10.00 pm on day 0 due to a high serum concentration (778 ng/ml) at 24 h after the beginning of treatment and the possibility of CsA-induced neurological side-effects. Although her headache and hypertension improved, she developed tonic convulsions at 2.30 am on day 1. The attack, which lasted for about 1 min, was treated with anti-convulsants and osmotic diuretics to decrease intra-cranial pressure. Following another convulsion, which occurred at 5.00 am and lasted for about 5 min, she became disoriented and confused and showed disturbance of consciousness. The third convulsion occurred 15 min after the second one. After treatment with a tranquilizer and termination of isolation, computed tomography (CT) and magnetic resonance imaging (MRI) of the brain were immediately performed. MR images of the brain clearly demonstrated multiple bilateral focal hyperintensity areas, in both T2-weighted and FLAIR images, predominantly in the cortical white matter and partially in the subcortical matter. These findings suggested encephalopathy induced by CsA (Figure 1 ). Her serum concentration of CsA was 90 ng/ml at the attack, and there was no decrease in serum magnesium or cholesterol. The administration of fluconazole (FLCZ) and ceftazidime (CAZ) was stopped, since it has been reported that administration of these agents can increase the risk of CsA-induced encephalopathy. She became fully conscious at 2.00 pm with no convulsions or confusion even after sedation had been stopped. Her blood pressure at this time was 125/70 mmHg, and she had no headache. On day 2, her serum concentration of CsA was 48.2 ng/ml, and administration of tacrolimus at a dose of 0.005 mg/kg/24 h continuous i.v. infusion (0.25 mg/24 h) was started. She was moved to another aseptic room after a second whole body sterilization on day 3. Acute GVHD was not seen at this time. After confirming the serum concentrations of tacrolimus on days 3, 4 and 5 (2.8 ng/ml, 2.2 ng/ml and 5.4 ng/ml, respectively) the doses of tacrolimus were increased to 0.5 mg/day, 1.0 mg/day and 1.5 mg/day on days 3, 4 and 5, respectively, and the possible reccurence of encephalopathy was anticipated. On day 5, she developed skin eruptions and slight erythema on both feet, suggestive of a chemotherapy-induced rash which could not be reliably distinguished from acute GVHD (grade 1) although she had no diarrhea or liver dysfunction. Although the patient had been suffering from chronic hepatitis B, this was well controlled by lamivudine. Her serum tacrolimus levels were maintained within the therapeutic range (10-20 ng/ml). Hematological engraftment was observed on day 14 without severe acute GVHD or serious infection. Her blood pressure was carefully controlled with a Ca ++ inhibitor. There were no symptoms of encephalopathy after the administration of tacrolimus. MRI performed on day 20 revealed that the lesions seen on day 1 had all resolved (Figure 2 ).
Discussion
In this case, we first suspected CsA-induced encephalopathy because of the hypertension, severe headache and a remarkably high serum concentration of CsA. However, cerebral hemorrhage, other drug-induced neurotoxicities, and viral infection were also possibilities. Although there was no paralysis or vomiting, the possibility of cerebral hemorrhage could not be completely ruled out because her platelet count on day 0 was very low (1.6 × 10 4 /l). We therefore decided to stop isolation in order to perform an MRI study of the brain. Both T2-weighted and FLAIR images revealed multiple bilateral focal hyperintensity areas, suggesting focal brain edema induced by CsA. Hypertension has been reported to occur in more than 90% of allo-BMT recipients receiving CsA for prevention of GVHD, and neurotoxicity has been reported to occur in 3ෂ5% of such patients. 1, 2 Although the etiology of CsAinduced encephalopathy is unclear, it has been reported that there is the possibility of CsA causing endothelial injury directly or indirectly through its products and disrupting the blood-brain barrier. 3 Since there is a tendency for CsA to disrupt the vertebrobasilar system and its branches, lesions in the occipital lobes are frequently observed on MR images. 1 This may be partly related to the regional density of adrenergic receptors on intracranial vessels, 1 but the precise mechanism of the disruption is unknown. CsA is also known to disrupt the endothelium of renal vessels. It has been shown that the damage exacerbates hypertension in recipients and that acute hypertension, hypocholesterolemia, hypomagnesemia, co-administration of PSL or antibiotics (penicillin, cephalosporine) and elevated serum concentrations of CsA can cause CsA-induced encephalopathy.
2,4,5 However, some patients receiving CsA show neurotoxic symptoms with therapeutic concentrations of CsA, 1,2 and only 20% of patients with CsA-induced encephalopathy show high serum concentrations of the drug. Although blood levels of CsA do not always correspond to tissue concentrations, the high serum concentration observed in this patient on day 0 might have induced high tissue concentrations.
It has been reported that co-administration of FLCZ and CsA leads to high serum concentrations of CsA, because they are both metabolized by the same enzyme, cytochrome P-450. Considering the above reported findings, [1] [2] [3] [4] [5] [6] [7] we suspected that there were various factors closely related to the encephalopathy in this patient, such as acute hypertension, a high serum concentration of CsA, atypical metabolism induced by chronic hepatitis B, co-administration of FLCZ, and PSL used for prevention of allergic reaction to ATG (days −6 to day 0). Moreover, we had to reduce the dose of CsA on day −1, because of the history of a high concentration of CsA before BMT. The reason for there having been no evidence of CsA-induced toxicity until gut deconBone Marrow Transplantation tamination might be related to the difference between drugs co-administered before and after decontamination. FLCZ, which was started at the beginning of decontamination, is the drug most likely to have induced renal dysfunction due to a high concentration of CsA. The long duration of CsA administration before conditioning might also have been related to this exceptionally early CNS toxicity.
CyA-induced encephalopathy is generally considered to be reversible by discontining CsA. However, once it has occurred, it tends to occur repeatedly when CsA is reintroduced, 6 and some cases have been fatal. It is therefore necessary to immediately replace CsA with another immunosuppressive agent.
Tacrolimus is more than 100 times more potent than CsA, but attention should be paid to the dosage when metabolic disorders or drug interactions are present because of its narrow therapeutic range. Tacrolimus is also known to be neurotoxic, but the details of drug interactions and the mechanism of its neurotoxicity are not clear. While tacrolimus binds to FK 506-binding proteins (FKBP) and results in inhibition of the activation of phosphatase calcineurin by calcium-calmodulin, CsA binds to cyclophilin. The degree of calcineurin has a close relation to immunosuppressive activity. Why there was no evidence of tacrolimus-induced neurotoxicity might relate to the differences in pharmacological actions of CsA and tacrolimus. 8 Also, the high concentration of CsA might have been one of the causes of encephalopathy, although it has been reported that neurotoxicity does not always occur in the presence of a high concentration of CsA.
